Background The efficacy of low-dose lansoprazole has not been established for the prevention of recurrent gastric or duodenal ulcers in those receiving long-term low-dose aspirin (LDA) for cardiovascular and cerebrovascular protection. This study sought to examine the efficacy of low-dose lansoprazole (15 mg once daily) for the secondary prevention of LDA-associated gastric or duodenal ulcers.
Methods Patients were randomized to receive lansoprazole 15 mg daily (n = 226) or gefarnate 50 mg twice daily (n = 235) for 12 months or longer in a prospective, multicenter, double-blind, randomized active-controlled trial, followed by a 6-month follow-up study with open-label lansoprazole treatment. The study utilized 94 sites in Japan and 461 Japanese patients with a history of gastric or duodenal ulcers who required long-term LDA therapy for cardiovascular and cerebrovascular disease. Results The primary endpoint was the development of gastric or duodenal ulcers. The cumulative incidence of gastric or duodenal ulcers on days 91, 181, and 361 from the start of the study was calculated by the Kaplan-Meier method as 1.5, 2.1, and 3.7%, respectively, in the lansoprazole group versus 15.2, 24.0, and 31.7%, respectively, in the gefarnate group. The risk of ulcer development was
Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs), including low-dose aspirin (LDA), are known to disrupt the mucosal resistance to gastric acid through mechanisms including the decreased production of endogenous prostaglandin in the gastric mucosa, and are thus associated with adverse events such as gastric or duodenal ulcers. In one Japanese study of patients presenting with a bleeding ulcer, 7.6% were taking LDA [1] . Another study found the point prevalence of ulcers in LDA users to be 11.9-15.2%, irrespective of the aspirin formulation [2] . Furthermore, several observational studies have suggested that the increasing use of LDA is becoming a major cause of bleeding ulcers [3] . In a Japanese single-institution report, ulcer lesions were endoscopically identified in 38 (12.4%) of 305 patients taking LDA [4] .
When patients present with gastrointestinal bleeding, discontinuation of LDA is recommended according to various guidelines [5] . However, discontinuation of LDA can be associated with a recurrence of disease, and this can result in serious outcomes [6] . Thus, it is vitally important to ensure prophylaxis of gastric or duodenal ulcers in patients on LDA therapy.
In this context, a number of controlled studies have reported on the prevention of gastric or duodenal ulcers with regular-dose H2-receptor antagonists or proton pump inhibitors (PPIs) in patients during LDA therapy [7] [8] [9] [10] . Based on the evidence obtained to date, a clinical expert consensus statement [5] recommends PPIs as the preferred agents for the prophylaxis of LDA-associated gastrointestinal injury. However, to date, low-dose lansoprazole has not been evaluated in a clinical trial for its prophylactic efficacy in patients with definitive evidence of previous ulcer development.
This study thus aimed to examine the preventive effect of low-dose lansoprazole (15 mg daily) against the recurrence of gastric or duodenal ulcer associated with longterm LDA therapy in patients with definitive evidence of previous ulcer history. Ulcer recurrence was defined as endoscopically confirmed ulcers, and the occurrences of gastric or duodenal bleeding with or without hospitalization were also evaluated. Appendix 1 shows the list of investigators for the Lansoprazole Ulcer Prevention Study Group (low-dose aspirin therapy).
Given that no drug has been proven to be effective for the prevention of gastric or duodenal ulcer associated with LDA therapy in Japan, and given that it is unethical to conduct a placebo-controlled trial in patients at high risk of developing gastric or duodenal ulcers, the present study was designed to compare the efficacy of lansoprazole 15 mg once daily and gefarnate 50 mg twice daily [11, 12] . Gefarnate is a cytoprotective anti-ulcer agent which is approved for the treatment for gastric or duodenal ulcers. These cytoprotective anti-ulcer agents are commonly prescribed as prophylactic drugs to reduce NSAID-or LDAinduced gastrointestinal injury, although they have not been investigated in a controlled trial for the latter indication.
Methods

Design overview
The study protocol was approved by the Ethics Committee of each participating institution, and all patients gave written informed consent to participate in the study. The Independent Data Monitoring Committee planned an interim analysis in advance to investigate whether or not to continue the study on the basis of interim efficacy and safety findings, based on the predefined criteria. An independent statistician performed the interim analysis on behalf of the Independent Data Monitoring Committee. After the committee made the decision to discontinue the double-blind trial, the patients at the 68 participating healthcare institutes were invited to move on to the followup trial with open-label lansoprazole treatment lasting up to 6 months. This trial was registered with ClinicalTrials.gov, number NCT00762359.
Setting and participants
Patients were enrolled in the study if they met the following criteria: those who were being given LDA when they gave informed consent, and who required long-term LDA therapy after the start of the study (day 1) with the investigational drug; and those in whom a history of gastric or duodenal ulcer (or gastroduodenal ulcer) was confirmed by endoscopy, i.e., those who were confirmed to have an ulcer scar on day 1 or were confirmed to have an ulcer or ulcer scar in an endoscopic examination performed prior to day 1 (e.g., photographs, films).
Patients were excluded if they were confirmed to have an open gastric or duodenal ulcer or an active upper gastrointestinal hemorrhage by endoscopy on day 1; aspirininduced asthma or hypersensitivity to NSAIDs including aspirin, or a history of hypersensitivity; a history of surgery or a planned operation which affects gastric secretion (e.g., upper gastrointestinal tract resection, vagotomy); clinically significant liver or kidney disorder (including liver tests demonstrating aspartate aminotransferase [AST]/alanine aminotransferase [ALT] values 2.5 times or higher than their upper limit of normal, or creatinine levels 2.0 times or higher than its upper limit of normal); or an active cancer.
All patients confirmed to be eligible at each trial site were reassessed for their eligibility, based either on endoscopic images on films or data submitted after randomization, by an independent panel of expert endoscopists.
Randomization and intervention
Patients who met the inclusion criteria were randomly assigned to one of the following two treatment groups: a group receiving the investigational drug (lansoprazole 15 mg orally given once daily) and the cytoprotective anti-ulcer agent, gefarnate placebo (twice daily) or a group receiving gefarnate [11, 12] (50 mg orally given twice daily) and a lansoprazole placebo (once daily), in combination with LDA (81-324 mg given once daily) for a duration of 12 months or longer (up to 30 months). Lansoprazole and gefarnate placebos were used to ensure that all patients followed the same regimen and that blinding was maintained. The treatment-group assignment was done by computer-generated random sequence numbers. Patients were randomly assigned by investigators to receive lansoprazole or gefarnate at a 1:1 ratio according to the unique sequential numbers for the study drugs, which were pre-assigned to each study site before the start of the treatment. When the onset of ulcer was diagnosed endoscopically or LDA was changed to different drugs, the subjects were excluded from the study at that time point.
Outcomes and measurements
The primary endpoint was the recurrence of gastric or duodenal ulcers, defined as patients confirmed to have active-stage or healing-stage ulcers associated with a mucosal defect with whitish exudates measuring 3 mm or greater. All ulcers confirmed on endoscopy and reported from each study site were reconfirmed by the independent expert panel, based on submitted films. The secondary endpoints were the development of gastric and/or duodenal hemorrhagic lesions as observed with endoscopy, treatment discontinuations due to lack of efficacy, gastric and/or duodenal mucosal damage as assessed with a modified Lanza score [13] , and gastrointestinal symptoms.
Follow-up procedures
Endoscopy was scheduled every 12 weeks until 12 months of treatment and every 24 weeks after 12 months. Nonscheduled endoscopy was also performed if patients were suspected of having symptoms associated with ulcers or signs and symptoms indicative of gastrointestinal bleeding.
Every 4 weeks, clinical laboratory tests (chemistry, hematology, and urinalysis) were performed, blood pressure was measured, compliance checks (returned tablet counts) were conducted, and patients were asked about any adverse effects they experienced. All patients were scheduled to receive the study treatments in a double-blind fashion until 12 months after the start of the study in the last enrolled patient. After the termination of the double-blind trial, patients at the 68 study sites were invited to participate in the follow-up study, in which all patients were treated once daily with lansoprazole 15 mg. If onset of an ulcer was confirmed on endoscopy in a patient, the patient discontinued their medication, and antiulcer treatment -such as full-dose PPI therapy -was offered for ulcer healing.
Statistical analysis
The 1-year cumulative incidences of ulcer events in patients treated with lansoprazole and gefarnate, in addition to LDA therapy, were assumed to be 6 and 13%, respectively, which suggested that the hazard ratio (HR) of the lansoprazole-treated group relative to the gefarnatetreated group was 0.44 under an exponential assumption of event distributions. We required a total of 64 ulcer events (endpoints) for the two treatment groups to ensure a statistical power of 90% using a log-rank test with a two-sided alpha of 5%. To observe 64 events, we required the enrollment of 406 patients for each treatment group at randomization, for a total of 812 patients for the study, assuming a mean follow-up duration of 1 year and a 1-year dropout rate of 20%.
One interim analysis was planned in advance for the Independent Data Monitoring Committee to perform when half of the required number of ulcer events was observed. The O'Brien-Fleming boundary, based on the information fraction of 0.5, was employed for an overall significance level of a = 0.05. To avoid unnecessary trial hazard to subjects assigned to either arm, we planned to discontinue the doubleblind trial if the difference in the primary endpoint reached significance at P = 0.0038 at the interim analysis.
The cumulative incidences of the primary and secondary endpoints were estimated by using the Kaplan-Meier method and compared between the treatment groups by using the log-rank test. For event-free cases the event times were censored either at the point of the last endoscopy performed or at the point of early withdrawal. We also performed multivariate Cox regression analyses to adjust for possible effects of baseline variables on event times. The final analyses were conducted for the full-analysis set (FAS), defined as all patients who were randomized and received one or more doses of the study medication. In the survival analysis, the patients at risk were defined as all event-free FAS patients who had at least one post-randomization assessment with endoscopy.
Differences in adverse events between the lansoprazole and gefarnate groups were tested for significance by using the v 2 test. Analyses were conducted using SAS software (version 9.1.3; SAS Institute, Cary, NC, USA). One and the same statistician (S.M.) had full access to all the trial data and conducted statistical analyses independently of the sponsoring company.
Role of the funding source Takeda Pharmaceutical Company Limited (the Sponsor) and its contractor provided all financial and material support for the study design, data collection, data analysis, data interpretation, and preparation and review of manuscripts. The Sponsor was also responsible for consultations with the authors and the members of this study group about the study design and about monitoring of the study. The principal investigator (K.S.) was responsible for the study design and for preparation of the manuscript. All coauthors reviewed the manuscript, and necessary revisions were made to accommodate their suggestions and opinions.
Results
Study patients
This prospective, double-blind, randomized, active-controlled trial with an open-label 6-month follow-up study was conducted at a total of 94 healthcare institutions in Japan, in accordance with the principles of good clinical practice and the Declaration of Helsinki. The Independent Data Monitoring Committee performed an interim analysis, based on data that had become available from 414 patients. The cumulative number of ulcer events at the interim analysis was 30 in the gefarnate group and three in the lansoprazole group. The HR was estimated as 0.080 (95% CI 0.023-0.264; P \ 0.001, 2-sided log-rank test), verifying the efficacy of lansoprazole compared with gefarnate and, accordingly, the Independent Data Monitoring Committee made the decision to terminate the initial part of the study early. Data completion and analysis were performed based on data collected at the termination of the trial. The results discussed here are based on the final data. Figure 1 shows the flow diagram of this trial. Of the 771 patients enrolled, 461 patients were randomized, while the remaining 310 patients were excluded, primarily because they were not confirmed to have evidence of past gastric or duodenal ulcers on baseline endoscopy after enrollment. Of the 461 patients randomized, 226 were assigned to receive lansoprazole and 235 to receive gefarnate. Of the 235 patients assigned to gefarnate, the study medication was not given to one patient, because malignancy was found in this patient (a violation of the study protocol). Thus, the FAS population comprised a total of 460 patients, with 226 and 234 patients in the lansoprazole group and the gefarnate group, respectively. The numbers of withdrawals were similar in the treatment groups, with 59 withdrawals (26.1%) in the lansoprazole group and 57 (24.3%) in the gefarnate group. The most frequent reasons for withdrawal were adverse events, which occurred in 20 (33.9%) patients in the lansoprazole group and 23 (40.4%) patients in the gefarnate group; followed by protocol deviations (including failure to take the medication) and consent withdrawals in 21 (35.6%) and 13 (22.0%) patients in the lansoprazole group, and 13 (22.8%) and 10 (17.5%) patients, respectively, in the gefarnate group. Additionally, four patients in the gefarnate group withdrew due to lack of efficacy or suspected ulcer-related symptoms/diagnoses. The median duration of follow-up was 7.5 months (range 0.1-17.0) for the lansoprazole group and 5.7 months (range 0.0-16.5) for the gefarnate group. Compliance with the study medication and LDA therapy was similarly high in the two treatment groups. There was no difference between the treatment groups in the frequency distribution of baseline variables (Table 1) .
Efficacy
In the FAS population, the cumulative number of gastric or duodenal ulcer recurrences, i.e., the primary endpoint, at the end of the study was 6/226 (2.7%) in the lansoprazole group and 53/234 (22.6%) in the gefarnate group ( Table 2) . The cumulative recurrences on days 91, 181, and 361 from the start of the study were estimated as 1.5% (95% CI 0.00-3.20), 2.1% (95% CI 0.06-4.08), and 3.7% (95% CI 0.69-6.65), respectively, for the lansoprazole group, compared to 15.2% (95% CI 10.17-20.22), 24.0% (95% CI 17.84-30.21), and 31.7% (95% CI 23.86-39.57), respectively, for the gefarnate group. The HR of the lansoprazole group relative to the gefarnate group was estimated as 0.099 (95% CI 0.042-0.230)-a 90.1% risk reduction, and the difference was highly significant (log-rank test, P \ 0.001) ( Table 2 ; Fig. 2) .
As to the secondary endpoints (Table 2) , the risk of developing gastric/duodenal ulcers or hemorrhagic lesions in the lansoprazole group was significantly lower than that in the gefarnate group (log-rank test, P \ 0.001). Similarly, the risk of having gastric/duodenal ulcers, hemorrhagic lesions, or treatment discontinuations due to lack of efficacy was significantly lower in the lansoprazole group than in the gefarnate group (log-rank test, P \ 0.001).
The magnitude of risk reduction for gastric or duodenal ulcers (primary endpoint) was generally stable for all subgroups as defined by each baseline variable (Table 3) . The analyses in both Helicobacter pylori-positive and -negative subgroups showed ulcer risk reductions, with an HR of 0.061 (95% CI 0.019-0.197; P \ 0.001) and an HR of 0.206 (95% CI 0.060-0.710; P = 0.02), respectively, in each of the subgroups in the lansoprazole group as compared to the gefarnate group. Furthermore, the risk reduction, in terms of HR, was estimated as 0.085 (95% CI 0.034-0.216; P \ 0.001 by a Wald test) after adjustment for the baseline variables, H. pylori status, CYP2C19 polymorphism, age, gender, smoking, alcohol consumption, and concomitant use of anticoagulants in a multivariate Cox regression analysis (Table 4) .
We also analyzed the sites of the recurrent ulcers to examine whether the ulcer recurred at sites similar to those of the scars observed at the start of the study. Whitish or red scars were reported in 397 patients (86.1% of total). We further obtained data on the location of the scars from all 59 patients in whom ulcers had relapsed. In 36 (61.0%) of these patients, ulcer recurrence was observed at sites similar to those of the scars seen at the start of the study.
Gastrointestinal damage, as assessed by a modified Lanza score [13] , from the start of treatment tended to improve in the lansoprazole group, but to worsen in the gefarnate group, throughout the course of treatment (Supplemental Fig. 1 ).
In the FAS population, the cumulative number of patients who developed gastric or duodenal hemorrhagic lesions at the end of the study was two of the 226 patients in the lansoprazole group versus nine of the 234 patients in the gefarnate group. The cumulative incidence rate was calculated by the Kaplan-Meier method (Supplemental Fig. 2 ) and the risk of hemorrhage was shown to be significantly lower in the lansoprazole group than in the gefarnate group. Bleeding ulcers occurred in one patient in the lansoprazole group and five in the gefarnate group. Other gastric or duodenal bleeding was primarily related to erosions. The number of patients who were hospitalized with serious adverse events leading to gastric or duodenal bleeding was one in the lansoprazole group and five in the gefarnate group. Of the 460 patients randomized to lansoprazole or gefarnate in this trial, 262 who had received lansoprazole or gefarnate were included in an open-label follow-up trial to examine the outcome after another 24 weeks of treatment with lansoprazole, in addition to LDA. During this openlabel follow-up trial period, no gastric or duodenal ulcer recurrence was observed in the study participants (Supplemental Table 1 ). Importantly, compared to the ulcer recurrence in the double-blind phase, no ulcer recurrence was observed from the gefarnate group during the 6 months of the lansoprazole open study, indicating the potent preventive effect of lansoprazole.
Adverse events
With respect to adverse events observed in the doubleblind study period (Table 5) , diarrhea was noted significantly more frequently in the lansoprazole group than in the gefarnate group, while reflux esophagitis occurred significantly more frequently in the gefarnate group. No serious adverse drug reactions occurred in the lansoprazole group, versus one (liver disorder) in the gefarnate group. No deaths occurred in either group. Of the 21 patients who discontinued lansoprazole, four were suspected of having possible adverse drug reactions, which included stomatitis, abnormal liver function tests, diarrhea, constipation, and palpitation. In the gefarnate group, six patients experienced possible adverse drug reactions, which included dyspepsia, Mallory-Weiss syndrome, eczema, tinnitus, toxic skin eruption, and liver disorder. From the start of the double-blind study through the continued follow-up trial, four bone fractures were observed in four patients in the lansoprazole group, with three events occurring during the double-blind trial period (P = 0.08, v 2 test, vs. gefarnate group), and the other one event occurring in the open-label follow-up period. Investigators reported the causes of the bone fractures to be factors such as aging, accidental fall occurring as a result of a subject's inattentiveness, and the like; hence, their causal relationship to lansoprazole was denied. No bone fracture occurred in the gefarnate group during the double-blind period.
During the entire study, including the follow-up trial, two deaths occurred, due to ventricular fibrillation and acute myocardial infarction, respectively; their causal relationship to lansoprazole was denied by the investigators. Serious adverse reactions occurred in 51/339 (15.0%) patients, of which 26 occurred in the follow-up trial.
Of these, melena occurred in one patient (0.3%) and this was the only event whose causal relationship to lansoprazole could not be denied. Thirty-nine treatment discontinuations occurred in the entire period; of these, 16 occurred in the follow-up period, where the most common event was diarrhea, which occurred in four patients (1.2%).
Discussion
Given that no drug has been proven to be effective for the prevention of gastric or duodenal ulcer associated with LDA therapy in Japan, and given that it is unethical to conduct a placebo-controlled trial in patients at high risk of developing gastric or duodenal ulcers, the present study was designed to compare the efficacy of lansoprazole 15 mg once daily and gefarnate 50 mg twice daily [11, 12] . Gefarnate is a cytoprotective anti-ulcer agent which is approved for the treatment of gastric or duodenal ulcers. These cytoprotective anti-ulcer agents are commonly prescribed as prophylactic drugs to reduce NSAID-or LDA-induced gastrointestinal injury, although they have not been investigated in a controlled trial for the latter indication.
To minimize risks to the patients enrolled in this trial, they were strictly assessed by endoscopic examination for eligibility. In addition, unlike most long-term clinical trials conducted to date in a similar patient population, frequent endoscopic examinations (every 3 or 6 months) were scheduled by the protocol to closely monitor the study subjects for early detection of ulcer recurrence.
While there are arguments for and against H. pylori eradication in long-term NSAID users [14] , one study showed that H. pylori eradication prior to LDA therapy was equivalent to omeprazole therapy in preventing recurrent gastrointestinal bleeding [15] , although the study was underpowered to demonstrate such equivalence. However, in other studies, the ulcerogenic effect of LDA was not abolished by H. pylori eradication in high-risk patients [7] , and 20% of an entire cohort of patients who had developed dyspeptic or bleeding ulcers/erosions during prophylactic treatment with famotidine were all found to be H. pylorinegative [10] . Therefore, trial results reported to date are inconsistent, although H. pylori eradication is generally recommended in most situations [14, 16] . Besides, because it was difficult to predict the influence of rebound acid hypersecretion occurring after H. pylori eradication [17] on the results of the present study, the subjects who required long-term LDA therapy were not obliged to undergo H. pylori eradication prior to administration of the study drug, and the protocol was designed to allow patients to be treated with a PPI or H. pylori eradication until the day immediately before the start of treatment with lansoprazole or gefarnate, given the varying durations of prior LDA use among the patients. Thus, the study attempted to evaluate the efficacy of lansoprazole vs. gefarnate against ulcer recurrences in an ordinary clinical setting, in which H. pylori eradication was implemented at the discretion of the attending physician. Analyses in both H. pylori-positive and -negative subgroups in the present study showed ulcer risk reductions in the lansoprazole group as compared to the gefarnate group, although the risk reduction rate was higher in the H. pyloripositive patients. This finding is consistent with a previous study in patients at relatively low risk for ulcer complications [8] and supports the usefulness of low-dose lansoprazole in Japan, where the prevalence of H. pylori infection is high [18] . Additionally, although more H. pylori-negative patients will need prophylactic treatment for preventing Table data are numbers (%) of patients in whom an event occurred at least 1 time during the trial LDA ulcers in Japan, where the H. pylori infection rate is predicted to gradually decrease [19] , low-dose lansoprazole should still be effective in these patients as well. A final analysis of the study data showed that lansoprazole produced a 90.1% reduction in the risk of ulcer recurrence, which was highly significant. The reduction rate is similar to that in a placebo-controlled study conducted in Hong Kong in patients taking LDA [7] and even higher than that in another study in patients with ulcers associated with LDA, where the rate of risk reduction was found to be about 70% [8] .
Although the recurrence of ulcers observed by endoscopy was assessed as the primary endpoint in the present study, other clinical endpoints, such as gastrointestinal bleeding and patient hospitalization, were also compared between the treatment groups, because these true clinical outcomes are very important in evaluating the drugs for efficacy. In this study, more patients in the gefarnate group developed gastric or duodenal hemorrhagic lesions and were hospitalized with serious adverse events leading to gastric or duodenal bleeding. Thus, overall, lansoprazole was superior to gefarnate in all endpoints assessed in this study.
Furthermore, there were no new-onset ulcers noted in the additional 6 months' follow-up trial, supporting the idea that lansoprazole provides superior long-term efficacy in preventing LDA-associated gastric/duodenal ulcers, compared to gefarnate.
Of note, the present study represents the longest followup (18 months or more) of patients with a definite history of gastric or duodenal ulcer who required long-term LDA therapy, of all reports (3-12 months) published in the literature [7] [8] [9] [10] .
Thus, lansoprazole appears to have an important role to play in reducing the risk of gastroduodenal ulcers in patients at high risk of developing ulcers who require long-term LDA therapy due to cardiovascular and cerebrovascular disease, while at the same time allowing such antiplatelet therapy to reduce thromboembolic events in these patients.
